The conventional Euler deconvolution has 5 unknown parameters to be solve which are the location of source (x 0 , y 0 , and z 0 ), the background field and the structural index (SI). Among these 5 unknowns, the SI is to be manually selected by the interpreter. The manual input of SI into the Euler equation makes the technique to be semiautomated. A new technique based on Euler deconvolution that estimate background, horizontal coordinate (x 0 and y 0 ), depth and structural index (SI) of gridded magnetic data is presented. The theoretical and field model study over magnetic sources demonstrates the ability of the method to solve for the source location and nature of the target, the technique does not depend on magnetic latitude. An integrated automated filter which is based on convolution window, SI deviation, regression error and analytic signal is prepared and used for selecting valid solution. Finally, the technique is applied to real magnetic data of Sebarang Jaya, the clustered depth solutions coincided with the high amplitude/values of analytic signal and these are the possible positions of the target being sought. The technique is fast means of magnetic data interpretation and easy to implement as it involves first order derivatives of the field.
INtroductIoN
Geophysical techniques have been applied to investigate the subsurface of the earth in order to explore geological structures of economic interest (in most cases) in areas of environmental studies (Loke et al. 2013) , hydrology, hydrocarbons, geochemical (Yang et al. 2015) , engineering, geothermal studies (Khalil et al. 2017) , geo-hazard assessment, and solid minerals (Arisona et al. 2016) . With the aid of techniques used for inversion (Gerovska and Araúzo-Bravo 2003; Salem et al. 2008; Gerovska et al. 2010; Cooper 2015; Cooper and Whitehead 2016) , it is possible to determine the horizontal and vertical positions of concealed metallic objects in the near vicinity of the earth's surface in addition to the delineation of deep-seated structures. With the aid of Euler homogeneity relation, magnetic method can be used to delineate the presence of metallic structures in the subsurface. The advantages of this method are its maximization to near surface weak magnetic signal produced by the buried objects and its relative ease of operation.
The conventional Euler deconvolution (Thompson 1982; Reid et al. 1990; Ugalde and Morris 2010; Barbosa and Silva 2011; Oruç and Selim 2011; Chen et al. 2014) has 5 unknown parameters which are the location of source in x-, y-, and z-directions (x 0 , y 0 , and z 0 ), the background field and the structural index (SI). Among these 5 unknowns, the SI is to be manually selected by the interpreter/user. The manual input of SI into the Euler equation makes the technique to be semi-automated. An interpreter has to solve the equation using different SI and finally select the best set of solution. The interpreter is left with the decision that has the highest impact on the depth solutions: which SI should be chosen? Moreover, the geology of the earth is comprises of different structures which may not be fitted by a fixed SI. Hsu (2002) stated that the use of wrong SI can cause bias on depth estimate and scattered solution on target's locations.
Apart from conventional Euler deconvolution method, attempts were also made to automate the technique. Derivation based on Euler deconvolution and analytical signal Terr. Atmos. Ocean. Sci., Vol. 29, No. 3, 243-259, June 2018 (AS) equations have been presented in order to locate as well as approximate the SI of the source (Salem and Ravat 2003) . This method involves the use of second order derivatives, it involves complex mathematical operations such as transformation of the total field and upward continuation. A method to calculate the depth, SI, dip and susceptibility contrast using vertical derivative of magnetic field and analytic signal is introduced in geophysical literature (Keating and Pilkington 2004) . A method for estimating horizontal location and depth of the magnetic source based on tilt angle derivative has been developed (Salem et al. 2008 ). The SI is inferred from estimated source locations. The methodology involves the use of second order derivative. Stavrev (1997) have shown that Euler homogeneity equation can be solved using differential similarity transform (Gerovska and Araú-zo-Bravo 2003; Gerovska et al. 2010 ). This method can deal with multiple interfering sources without prescribing SI, which permits simultaneous estimation of depth and SI of singular points.
One of the disadvantages of conventional Euler deconvolution is that the interpreter/user has to select SI manually. This property is a setback to one of the most important attribute of the technique which is fast means of interpreting large volume of data. Attempts made to estimate SI automatically surfer some drawbacks. Florio et al. (2006) have shown that AS is homogenous function hence, the application of Euler deconvolution on AS could lead to unwanted error. Moreover, the use of second order derivative amplifies noise in the data. The use of Differential Similarity Transform (DST) approach to solve for source location and SI is less implemented due to its higher complexity (Reid and Thurston 2014) .
Unlike the past works, the present technique (introduced in this study) involves the use of first order derivatives, the inversion does not require analytic signal (AS) and it does not involve complex mathematical operations. It is simple to apply and the derivatives are computed directly from the total field grid. In the present work, the main objective is to estimate the position coordinates of magnetic source without prescribing the SI. With this methodology, the user/interpreter doesn't have to choose the structural index, it will be estimated automatically and this would increase the speed of operation. It is also intended to investigate the effect of inclination on the output of the new technique. A new integrated filter for selecting valid solutions automatically from the output of the inversion process is also presented.
MEthodology
This section discusses the research methodology and approaches used in this study. It introduces the multiple linear regression technique and how it is used to solve 5 unknown parameters in the Euler deconvolution relation. This methodology involves computation of field's derivatives, inversion and filtering. Because of some advantages of analytic signal over anomalous/total field of magnetic sources, it is used as a guide for filtering the solution obtained from inversion process using the new approach. The accuracy assessment was carried out using synthetic models and field model. The procedure used in this section can be divided into three: computational method, numerical models and real data applications.
computational Method
This section describes the application of MLR method of Euler deconvolution to solve for the position coordinates, nature of the source and background. The methodology used to validate the present technique such as theoretical and field models are described in this section. The procedure used to process a field data using the present technique is explained.
theory of the Method
Euler deconvolution method is based on Euler's homogeneity relationship (John 1965) ; it was first initiated to solve 2D magnetic field by Thompson (1982) . Euler deconvolution equation is normally used in order to find the source location (x 0 , y 0 , z 0 ). Equation (1) forms the basis for the methodology used in this research and it is given as
where x, y, z are the observation point coordinates; x 0 , y 0 , and z 0 are the source locations; , ,
2 2 2 are the potential derivatives; N is the structural index; B is the background of field F (Thompson 1982) .
Multiple linear regression
The Multiple Linear Regression (MLR) method has been extensively applied in statistics to establish relationships among multiple variables (more than two) by fitting a straight line to the observed data. MLR model can be expressed as (Levine et al. 2001) : 
By comparing Eqs. (2) and (3), we can say that:
2 2 2 + + ; β 0 = NB; β 1 = x 0 ; β 2 = y 0 ; β 3 = z 0 ; β 4 = N; X 1 = F x 2 2 ; X 2 = F y 2 2 ; X 3 = F z 2 2 , and X 4 = -F. All β i s (β 0 , β 1 , β 2 , β 3 , β 4 ) are the coefficients (unknown) that need to be solved and all X i values are the independent variables, in which the values are known from the data (input). Assuming that Eq. (3) is linear, the equation could solve 5 unknowns which are horizontal positions (x 0 , y 0 ), depth (z 0 ), SI (N), and background (B).
description of the technique
The pre-inversion processing commences with the interpolation/extrapolation to produce gridded data. The technique uses gridded data that consist of measured horizontal coordinates (x and y) and field (F) of the observation point as input file to compute the first partial derivatives , ,
2 2 2 c m together with analytic signal for each data point. The computation of derivatives is done directly from the arrangement of data points (Breiner 1999) . The derivatives required are horizontal derivatives (along x-and ydirections) and vertical derivatives. The analytic signal of each data point is obtained from the derivative using the relation given in Eq. (4). 
The computed partial derivatives are then subjected to inversion. This technique is divided in to two main components: inversion and filtering applications.
data Inversion
The derivatives are used to estimate for the source position coordinates (x 0 , y 0 , and z 0 ), background (B), and SI (N) of source (as output) based on Eq. (3). In addition to the mentioned output parameters, others are regression error (ε i ), analytic signal and centre of convolution window (x and y) which are very essential parameters for choosing reliable solution. The minimum acceptable window size is 3 × 3 grid points which correspond to 9 equations and 9 data points. Equation (3) can be solved using least square technique by prescribing the window size, which is the only subjective choice a user has to make. The window of these points shift along the grids at interval of one point until it finished a line of gridded data and then repeats the same process in the next line. It involves overlapping windows that estimate the unknown parameters for each window. After each successful inversion for a given window size, the user has the option to either start another session or stop the process. In effect, the user can repeat the process using different windows with each one saved in a different file.
For this methodology, odd numbers of window size were used for the inversion in order to use the centre of convolution window as criteria for filtering. Window that gives more solutions and produce clustered solutions (before filtering) is more preferable since a rigorous filter (introduced in this study) will be used to select reliable solutions. Window with less number of solutions can give few or no solution after filtering. Therefore, a window with more number of solutions, in addition to other considerations, is more preferable. The choice of window size was also based on the recommendation that the windows can be between 6 × 6 and 20 × 20 grid points for shallow and deeper basement respectively (Reid et al. 1990 ). The deeper source can be differentiated from the shallower by the shape of anomaly. The window size determines the maximum depth of investigation. In general, the windows were made as small as possible to ensure that 2 or more anomalies were not inverted in the same window.
data Filtering
Euler deconvolution method provides large number of possible solutions that need to be subjected to filtering in order to select the reliable solutions. Hence, the correct solutions need to be chosen and as discussed, there are techniques developed to supress the solutions which are not reliable. In this research, analytic signal was used as a guide to choose valid solution because of its so many advantages over other available filters. Some of the unique properties of AS includes its relationship with magnetization and earth field directions. It has been shown by Nabighian (1972) and Roest et al. (1992) that the AS is independent of the mentioned two directions. The filtering techniques used are divided into three stages: (1) First stage filtering: The inversion program is built with filter that accepts solutions within the study area, other solutions outside the area under consideration are rejected. The program rejects negative depth solutions and accepts only positive depth values. The solution obtained is used by the integrated filter as an input. (2) The second stage filtering (Table 1) consists of integrated filter which select solutions automatically based on centre of convolution window, SI deviation, regression error, and threshold of AS. Solutions outside convolution window width are more likely to be unreliable. The parameters used for this filtering depends on the model and are given as: (a) Solutions outside the convolution window width are rejected. 
Numerical Models
Prior to the application of new Euler deconvolution technique to estimate depth, horizontal coordinates, and SI, its reliability was tested using sphere, finite and infinite boxes, and concrete wall models. The aim of theoretical modeling in this study is to provide the theoretical backing of the present technique. Also, the effect of inclination on this methodology has been tested using sphere model. The reliability of this technique was further tested using field model. The windows used for synthetic models were in the range of 5 × 5 grid points (very shallow source) to 13 × 13 grid points (deeper source) in order to have enough curvature information to estimate the source's coordinate. The window sizes use to inversed the numerical models using the present technique are given in Table 1 .
sphere Model
Sphere model ( Fig. 1 ) has been frequently used in geophysical literatures to test filters and performance assessment of depth estimation methods (Oruç 2010) . A magnetic response due to a point dipole can be modelled in 3D Cartesian coordinate using the magnetic elements given by Salem et al. (2002) . The model is designed to simulate response of a target with high magnetic field buried in an area with low background. The magnetization contrast was 1 A m -1 , the depth to the centre and radius of the target were 1 and 0.5 km respectively. The horizontal coordinates in positive x-directions was 12.4 km while that of y was 12.5 km. The anomalous magnetic field of this model have been computed using different inclinations (I = 0°, 15°, 30°, 45°, 60°, 75°, and 90°). The analytic signal of the field (for I = 45°) is computed and presented in Fig. 1 . Other maps of analytic signal for different inclinations (I = 0°, 15°, 30°, 60°, 75°, and 90°) are giving in the Appendix A. The computed derivatives were inversed using the window size of 9 × 9 grid points. The window size was selected in order to provide adequate curvature information to estimate the parameters of the source accurately. The window size constitutes odd numbers in order to provide a centre of the window which is very essential criterion for filtering. The filtering was carried out using the convolution window width of 9 unit, regression error and threshold of AS were 2% and 120 nT km -1 respectively. The window sizes and filtering parameters used were given in Table 1 .
Finite box Model
The horizontal distance of this model (Fig. 2) is from 10 to 13 km in the positive x-direction and 15 to 20 km in the positive y-direction. The depth to the top was 1 km and the depth to the bottom was 1.2 km. This model is used to simulate the magnetic response of a buried concrete in igneous environment with magnetization of -2.1 A m -1 , the inclination used was -5° and the declination was 0°. The derivatives of the field were computed and inversed using the window size of 7 × 7 grid points. The choice of this window size is due to recommendation that the window size shall be as small as possible and window size 7 × 7 grid points produced good clustered solution. The parameters used for filtering of the solution obtained from inversion process using the present technique are given in Table 1 .
Infinite box Model
This model (Fig. 3) comprises of 4 long boxes with depth to the bottom at infinity use to simulate the magnetic response using the equation given by Bhattacharyya (1964) and it is also described in some literatures (Shamsipour et al. 2011 (Shamsipour et al. , 2012 Abedi et al. 2013 ). The magnetization intensity of B1 and B3 models was -2.1 A m -1 and each is 3 km wide in the east-west direction. B1 and B3 were 5 km long in the north south direction, and buried at 1 km depth. The other two features (B2 and B4), simulate similar structure but with different depth and magnetization contrast. The depth to the top and magnetization of the two bodies (B2 and B4) were 1.5 km and -2.8 A m -1 respectively. In the present study, a plutonic rock is assumed as a source of magnetic intensity with inclination and declination of -5° and 0° respectively. The data was inversed using the window size of 13 × 13 grid points and the result obtained was subjected to filtering. The window size was chosen by the considering the shape of the anomaly which is a suggestive of deeper source and the window size is connected with depth. Therefore, a bigger window would be more preparable. But still, the window size was made as small as possible as recommended (Reid et al. 1990 ) since the anomaly map indicated about 4 sources. The convolution window width was 13 unit and accepted SI deviation was 0.1. The maximum accepted regression error and threshold of AS used were 10% and 220 nT km -1 respectively.
concrete Wall Model
This model (Fig. 4) is simulated to estimate the magnetic response of the buried concrete wall model that was Table 1 . Window size and filtering parameter of synthetic models. ) of finite box model. ) of concrete wall model.
inspired from certain field model (Chambers et al. 2002) . The inclination and declination of the model were 67.3° and -1° respectively; the magnetization intensity was 0.1632 A m -1 . The depth to top of the targets/objects was 0.6 m and oriented horizontally, the width and height of the objects were 0.45 and 0.4 m respectively, the objects were 4 m long. The effect of interference on the new technique introduced can be studied using such model, since it is made up of targets that are joined to each other. The derivatives are used as an input to the inversion and the window size used was 5 × 5 grid points. The window size was selected based on the likelihood that so many sources (Fig. 4) caused the anomaly. The use of small window size would reduce the effect of the neighboring sources. Secondly, the anomaly seems to be caused by the shallow source and therefore it requires small window size. The convolution window width used was 5 unit, the accepted deviation of the SI was 0.4 and the threshold of AS used was 14 km nT -1 .
real data
The normal procedure for validation of a technique in geophysics is the use of synthetic, field model or an area with known detail geological information. Field model is used in order to justify the use of the technique in engineering and environmental applications (Ravat 1996; Salem et al. 2002; Marchetti et al. 2013) . To effectively validate this technique, both synthetic and field models were used. The technique was finally applied to field data of a site under construction.
Field Model
The total magnetic field intensity is obtained from one of the two field models of Near Surface Geophysics Group of the geological society of London located at Leicester University. The data and other relevant information can be retrieved at http://www.nsgg.org.uk/test-sites/. It is located at latitude 52°36'27''N and Longitude 1°5'12''W Southmeads road, Oadby, Leicester. The site can be characterized as gentle hill-top with top layer of about 0.3 m thick. The Boulder clay material is distributed throughout the site; it is 16 -18 m thick underlined by Liassic clays and limestone. This area was designed to simulate buried waste drums and other objects that are buried at depth range from 0.5 -2 m filled with air or water. The parameters of each of the targets are shown in Table 2 .
An important question that needs to be answered is that: does the present technique depends on magnetic latitude? To answer this question, reduction to the pole (RTP) technique was applied to the total magnetic field in order to assess the effect of inclination on the present technique. The inversion of the two data sets (total field and its RTP data) was carried out using window size 7 × 7 grid points. The data sets (total field and RTP) were filtered based on SI and analytic signal only for fair comparison. Negative SI values were rejected and threshold of AS used was 100 nT m -1 . The inverted total field data (Euler solution) was re-subjected to filtering using the integrated filter and the parameters used were: the solutions are accepted within the maximum width of convolution centre of 7 units, the accepted SI deviation was 0.2 and threshold of AS was 100 nT m -1 .
Field Application (sebarang Jaya, Parking lot)
The study area is located between geographical latitude 5.39525 -5.39565° and longitude 100. Nordiana et al. (2012) stated that the essence of applying geophysical methods in geotechnical investigation is to minimize cost and time.
The magnetic survey was carried out using 2 sets of Proton precision magnetometer that serves as base and moving consoles. The base console was kept in an isolated area which is free from noise that might be caused as a result of moving or parked automobile and any other form of metallic material. The survey was carried out in grid form using the station interval of 2.5 m. So many precautions had been taken in order to obtain accurate result: the readings were not taken during magnetic thunder storm, the readings were taken 3 times at each station, the operator did not wear any form of metallic material and after each 2 hrs the based magnetometer had been checked. The total magnetic field map of the study area is shown in Fig. 5 . For the inversion of application site (Seberang Jaya) data, the window size used was 9 × 9 grid points. The filtering of the result was based on convolution window width which was 9 units, the maximum acceptable regression error was 20%, SI deviation was 0.4 and AS was 50 nT m -1 . The solutions that falls within the peak (high values) of AS positions were accepted, outside this portion/range, the solutions are rejected.
The nature of unknown underground structure can be obtained from the filtered Euler solution containing range of SI values (0, 1, 2, and 3) shown in a map. Each feature is then examined based on the clustered solution of SI values. The SI that produced best solution clustering (located in areas with high values) is chosen as the value of that structure. The selected structural indices are then correlated with theoretical values of SI for simple shapes and the nature of the unknown structure is then interpreted.
rEsult ANd dIscussIoN
This section presents the results obtained from forward modeling and inversion of both real and synthetic model using the introduced technique. The solutions obtained from filtering based on AS and other parameters are also included in this section.
sphere Model
Considering the AS map in Fig. 1 , a slight deviation of the target from the true position (depicted by + symbol) is observed despite the fact the effect of inclination is high at that inclination (I = 45°). The slight deviation of the target from the true centre of dipole as depicted by analytic signal map is due to the effect of inclination. The solutions of the model (I = 45°) obtained using the present technique after filtering is super-imposed on AS (Fig. 6 ). Despite this effect, the present methodology has been able to locate the centre of the sphere accurately (Fig. 6) . The maps of AS using different inclinations (0°, 15°, 30° 60°, 75°, and 90°) are given in the Appendix A. These maps indicated that the AS can be a good filter that can serve as an aid to choose the correct estimated positions from Eq. (3). For the same model (but different inclination: 0°, 15°, 30°, 60°, 75°, and 90°), the maps of depth solutions super-imposed on analytic signal are giving in the Appendix B. These maps indicated that the technique can locate a source without applying reduction to the pole technique.
The estimates of the unknown parameters using different inclinations are about the same (Table 3) . At the pole (I = 90°), the estimates of horizontal position, depth and SI show exact values. The estimated depth (z 0 ) shows very small deviation from the true value at the inclinations other than 90°. Therefore, the overall result shows good precision and this is an indication that the methodology can estimate the unknown parameters of the source with good accuracy and does not depend on inclination. In real geology, the sources are made up of so many dipoles and a lot of interference caused by the neighbouring bodies is expected. The presence of noise also affects the accuracy of estimation in real geology. However, moderate accuracy within the limit of acceptable error is expected. The theoretical validity of this method is therefore established. Theoretically, for isolated sphere, the present technique does not depend on inclination.
Finite box Model
The estimated horizontal coordinate of B 0 along x and y coordinates are perfectly estimated (Table 4) . The minimum and maximum depth estimates are 1.02 and 1.11 km respectively (Fig. 7) , the estimated SI varies from 0.91 -1.09. Table 4 shows the estimated mean depth value (1.06 km) and this value is about the same with the depth to the centre (1.1 km) of the target. Based on this model, the depth of investigation using this technique (introduced in this study) is depth to the centre. The estimated mean SI value of the target is approximately 1. Unlike other models used in this research, box model gives wide range of SI (0 -1.98). However, SI of about 1 provides good clustering (Fig. 7) to characterize the anomaly. The solutions of depth and horizontal positions obtained after the filtering are super imposed on AS and presented as a map (Fig. 7) . It could be observed in Fig. 7 that the clustering formed at the 2 edges of the box and this is an indication of good precision of the present technique to estimate horizontal position, depth and SI of an isolated target.
Infinite box Model
The horizontal coordinates (x, y) of both B1 and B2 located the target (Table 4 ) with good precision. The estimated SI of B1 and B2 is about 1 and this is an indication that this model is more of dike since the SI of box is not available in the literature. For B3, the horizontal coordinate along xdirection is perfectly estimated. The maximum error for B4 in the estimation of x and y horizontal coordinates are 2 and 4% respectively. For the depth estimates, the depth to the top is over estimated. The depth estimate still considers accurate since the estimated depth is within the vicinity of the structure. The inversion of box model like target gives wide range of structural index. However, when the SI is between Table 4 . Synthetic model result (number of solutions in the parenthesis) after filtering. 0.9 and 1.1 (Table 4) , better clustered solution is obtained (Fig. 8) . The present methodology permitted accurate estimation of a box like theoretical target, despite its complex nature. The estimated positions coordinates of this model (after the filtering) are super-imposed on AS and presented in Fig. 8 . It could be observed from Fig. 8 , that the vertical edges/border of the 4 boxes are well delineated with good clustering of solutions. However, the horizontal border of the box is not resolved and this effect has to do with the direction of the field. The assumed magnetic north and the horizontal distance have the same direction. The vertices of B1 and B3 are well delineated to distinguish the box from the dike structure. From this study, it is observed that for box like geological structure, the technique detect position of the target at the boarder/edge.
concrete Wall Model
The estimated model parameters have low error when compared with the true parameters especially on position estimates (Table 4 ). The mean depth value (0.59 m) obtained coincided with depth to the top of the target (0.6 m). For the structural index, the estimated mean value of concrete wall model in Table 4 (1.21) indicated that the target is about 1 (as also indicated by infinite and finite box models). The estimated depth values are super imposed on AS and presented in Fig. 9 . In Fig. 9 , all the depth solutions are located at the edges of the targets, the corner positions are well depicted by clustered solutions. However, the minimum and maximum values of depth are 0.14 and 0.86 m respectively. This result has demonstrated that the present technique can be used to delineate structures in geotechnical investigation with reliable position estimates despite the effect of interference. The effect of interference is visible on depth and SI estimates, moderate deviations are observed (Table 4) . The effectiveness of filtering technique used in this research assisted in the selection of more reliable solution following the location of AS values above the threshold value. Hence, the theoretical basis of the present technique is established using model study.
Field Model
It can be observed from total field and its RTP maps (Figs. 10 and 11 ) that the targets are more positioned at the centre in RTP than the total field map. The inversion result of total field and RTP data are shown in Tables 5 and 6 , respectively. It can be deduced that the two data sets have nearly the same solution. The highest difference between the two solutions was 0.8 m (y 0 in target 2) while in some parameters of the target (x 0 in target 6 and 11), the estimated values are the same in both the two data sets (total field and RTP). This implies that the technique is irrespective of the magnetic inclination, therefore the present technique does not require RTP operation before inversion.
With the filtering using 4 criteria applied to the inverted data of total magnetic field, no significance difference is observed (Table 7) compare to RTP and total field result that were filtered using 2 criteria (SI and AS). Although the filtering parameters used were selected in order to allow more solution to be accepted, this further, confirm the robustness of using analytic signal threshold for filtering. When the filtering parameters used are very strict, more precise estimates are obtained but vital information would be lost, especially from targets with few numbers of solutions. This is what happened to target 3 and 7 (Figs. 10 and 12), the solutions Table 6 . Reduction to the pole of field model inversion result, window size 7 (number of solutions in the parenthesis).
are rejected during the filtering process. The technique detected most of the position of the targets with good magnetization contrast (Fig. 12) . Also, (3)], the magnetization contrast must be sufficient. The depth solutions obtained vary from 0.02 -1.92 m. The depth solutions of the two targets are over estimated (target 5 and 6) while most of the estimated depth of the targets are underestimated (target 1, 2, 8, 9, 10, and 11). Theoretically, the SI of some simple models is from zero to three, however in real geology more complexity is expected. More sources and complex shapes with no theoretical SI values are present in such a medium. The estimated SI values of this model vary from 0 -2 and the average is approximately 1 (Table 7) .
real data Application
The depth solutions obtained after the filtering process are super-imposed on analytic signal map and presented in Fig. 13 . Based on the depth and horizontal solutions obtained, the concrete pillars containing the iron are located at the position indicated by high and moderate value of the analytic signal with the maximum depth of 9.401 m. Table 7 . Total field of field model inversion result, window size 7 (number of solutions in the parenthesis). Considering Fig. 13 , there are about 10 peaks (numbered 1 to 10) indicated by analytic signal. At most positions (1, 2, 3, 4, 5, 6, 8) , the estimated depths form considerable clustering which is an indicative of the presence of structure(s) beneath the surface. In addition to clustered solutions, some scattered solutions (7 and 10) are present. The scattered solutions are not reliable and are normally not considered while making the interpretation. These clustered sources are interpreted as possible position of concrete pillars containing the iron material. Earth is heterogeneous in nature; therefore some of the shallow solutions are due to sources such as utility items and other local features available in the area. It could be observed from the theoretical and field model studies that the source coordinates are estimated with reasonable accuracy. The non-integer value of structural index using different techniques has been successfully applied in geophysical data interpretation (Thompson 1982; Reid et al. 1990; Salem et al. 2008; Tedla et al. 2011) . These structural indices (non-integers) are interpreted as transitional points between sources of different shapes. The theoretical concept of structural index applies to simple shape, however, this assumption does not preclude the use of Euler deconvolution technique to real geology where the shapes of structures are complex. By implication, the use of non-integer structural indices should not be downgraded so long as it can be used as an aid to construct a model of the subsurface geology. To further address such problems, the source body critical points were identified and used as suggested by Reid and Thurston (2014) . This is achieved by using the peak of AS to locate and accept solutions only at such critical points. Figure 14 shows a map of SI values super-imposed on AS depicting various structural indices, this is in conformity with explanation made by Reid et al. (1990) that the real data is likely contains anomalies of sources with different SI. Each range represents one of the four theoretical indices (0, 1, 2, and 3). Unlike the conventional technique which produced 4 or more maps using different structural indices, the present technique produced single map that accommodate all the indices. The SI of zero is interpreted as contact between the building material(s) such as concrete and surrounding materials with clustering at anomalies 5, 6, 9, and 10. Structures with SI of one are interpreted as box like structures which forms good solutions clustering at anomalies 2, 6, and 7. The SI of box for a magnetic source is not available in the literature, however using model study carried out in this research, the SI of box is estimated as one (1). Anomalies 1, 3, 4, and 8 (Fig. 14) produces good solution clustering for SI of two, therefore vertical cylinder like structure is expected at the mentioned points which are suspected to be the underground concrete pillars. At an index of 3, few or no solution clustering is observed. From Fig. 14 , a clue to the nature of the source is obtained by examining the solution clustering of estimated SI values of each feature.
coNclusIoN
A new technique based on Euler homogeneity relation that estimate background, horizontal coordinate (x 0 and y 0 ), depth and structural index (SI) of gridded magnetic data is presented. Unlike the previous techniques, the present methodology involves the use of first order derivatives, the inversion process is independent of AS and it does not involve complex mathematical operations. The robust integrated filter that operates automatically and simultaneously assisted in the selection of valid solution in this methodology. ).
The source estimates are greatly improved through the use of the locations above the target's critical points indicated by analytic signal. The theoretical and field models study validates the effectiveness of this technique to be used in any location without reduction to the pole/equator or pseudo gravity. Empirically, the structural index of a box is found to be one (1), as indicated by the theoretical model studies.
The technique is finally applied to investigate the remains of some metallic building materials that are interpreted to be located at the maximum depth of 9.4 m. The present methodology provides reliable position estimates in all the tests carried out. It is fast means of magnetic data interpretation and easy to implement. 
